Abstract
Introduction
Benzothiazole and its derivatives represent one of the most biologically active classes of compounds, displaying a remarkable diversity of bioactivities in the medical and the agrochemicals field [1] - [3] . Recently, several publications reported that hydrazide-hydrazones are valuable intermediates in the synthesis of heterocyclic compounds with potential pharmaceutical and biological activities [4] [5] . Based on those reports and in continuation of our 1 H NMR spectrum of 5 revealed, in addition to the aromatic benzothiazole protons, two doublets at δ H 2.97 and 2.84 ppm., with J = 16 Hz, as required for the methylene protons of H-3 indicating that these protons are in a different environment. Likewise, the 1 H NMR spectrum exhibited two singlet signals at δH 4.58 and 10.70 ppm for -SCH 2 -protons and NH group respectively. The assignments of 1 H and 13 C chemical shifts of compound 5 were registered in the Experimental Section. On the other hand, when the compound 5 heated in ethanol, containing a catalytic amount of piperidine, afforded 5-hydroxy-4, 5-dihydropyrazole derivative 6 in good yield. The mass spectrum of the obtained product revealed a molecular ion peak [M+] at m/z 321[15%] and it is compatible with the molecular formula C 14 H 15 N 3 O 2 S 2 . It is worth mentioning that both compounds 5 and compound 6 have the same molecular formula, but has different melting points and spectral data (cf. Scheme 1). The complete assignments of 1 H and 13 C chemical shift for 6 based on COSY and HSQC were recorded in the Experimental Section. The structure of compound 6 was established based on X-ray crystallographic analysis, the pyrazole ring containing the chiral center (at C 10) and the benzothiazole moiety has located almost the same plane (cf. Figure 1 and Table 1 ) [10] .
Moreover, treatment of acetohydrazide derivative 5 with malononitrile in refluxing ethanolic piperidine afforded the [1, 2, 4] -triazolo [1,5-a] pyridine derivative 9 in good yield via the intermediary 7-8 (cf. Scheme 1).
Analytical and spectroscopic data confirmed the structure of compound 9. The mass spectrum of 9 revealed the molecular ion peak (which is the base peak as well) at m/z value 351 [M+, 100%]. The complete assignments of the 1 H and 13 C chemical shift of the compound were recorded in the Experimental Section. It is worth noting that recently, [1, 2, 4 ]-triazolopyridine derivatives have been shown to be useful antifungal activities compare with the commercial pesticide [11] .
On the other hand, treatment of acetohydrazide derivative 3 with 2,3-butanedione in refluxing ethanolic piperidine afforded the acetohydrazide derivative 10 in good yield (cf. Scheme 2). The analytical and spectral data of the last reaction product are entirely consistent with the proposed structure. The complete assignments of 1 H and 13 C chemical shifts of compound 10 based on COSY and HSQC experiments were recorded in the Experimental Section. Moreover, Nuclear Overhauser Effect (NOE) experiments were carried out to establish the configuration of acetohydrazide derivatives 10 whether it is (E) or (Z)isomers. Therefore, irradiation of a signal of the NH proton at δH 11.40 ppm,we observed increasing a signal of the methyl protons at δH 1.95 ppm. While, irradiation of a methyl signal at δH 1.95 ppm, increased the a NH signal at δ H 11.40 ppm and have no effect on an acetyl signal at δH 2.41 ppm. Indicate the 2-(benzo[d]thiazol-2'-ylthio)acetamide moiety and the methyl group are on opposite sides of the C=N, as required by an (E)-form. The crystal structure of 10 [12] depicted in Figure 2 , besides to the selected bond lengths and bond angles was registered in Table 2 . It observed from crystallographic image for the compound 10 that two molecules of 10 were shown in one asymmetric unit of these crystals; they are chemically same, only different in crystallographic point of view, due to nonequivalence in symmetry characteristics within the unit cell. In an attempt to obtain pyrolo[1,2-b][1,2,4]triazole derivative 11, the compound 10 treated with malononitrile in refluxing ethanolic piperidine; it was found to be abortive. Moreover, treatment of 2-(benzo[d]thiazol-2'-ylthio) acetohydrazide 3 with phthalic anhydride in refluxing acetic acid, afforded N-(1,3-dioxoisoindolin-2-yl)acetamide derivative 13 in good yield and not 2,3-dihydrophthalazine-1,4-dione derivative 12 as it reported in the literature [9] (Scheme 2). Complete assignments of 1 H and 13 C chemical shifts of compound 13 based on COSY and HSQC experiments were recorded in the Experimental Section. The crystal structure of 13 [13] depicted in Figure 3 , beside to the selected bond lengths and bond angles was registered in Table 3 . The crystal networks contain dioxane molecule as the space-filling solvent (crystalline solution). The phthalimide fraction is oriented nearly perpendicular to the plane of benzothiazole fraction (Figure 3) . In an attempt to convert compound 13 to 1-aminoethylidine malononitrile derivatives 14 by treatment with malononitrile in refluxing ethanolic piperidine were ineffective.
On the other hand, condensation of 2-(benzo[d]thiazol-2'-ylthio) acetohydrazide (3) with 1,3-cyclohexadione yielded N'-(3-oxocylohex-1-enyl) acetohydrazide hydrate derivative (15) as depicted in Scheme 2. The structure Section) . Furthermore, the X-ray crystallography provided an unambiguous evidence of structure 15 as proposed in Scheme 2 [14] given in Figure 4 . The single crystal of 15 also contains water molecules in its network as space filling solvent. Based on bond length ( Table 4) it is indicating the presence of keto-enol transformation from N3 to O2 through C10 and C11 as follows: the bond length between O1-C9 is 1.214 (6) . While bond length between O2-C12 is 1.249 (6); elongated a little due to partial enol-form. Also, bond length between N2-C9 is 1.346 (6) while bond length between N3-C10 is 1.318 (7); reduced due to the partial double bond character. Besides, the two bond length between C10-C11 and C11-C12 are same [1.426 (6) and 1.422 (8) respectively] due to resonance. The inter conversion of the two forms involves the movement of the lone pair electrons on the N3 to the most electronegative atom (cf. In continuation of our efforts to generate new routes to the different functional thiophenes [6] , we have used Gewald's reaction [6] by treatment of compound 15 with malononitrile in refluxing ethanol containing an elemental sulfur and a catalytic amount of piperidine. Nevertheless, this procedure was found to be unsuccessful to obtain the expected 2-amino-3-cyanothiophene derivative 16. Moreover, condensation of acetohydrazide derivative 3 with thiophene-2-carbaldehyde afforded a mixture of both configurations E/Z acetohydrazide derivative 17 in a ratio of 3:2 respectively, based on the 1 H-NMR spectrum. The 1 H-NMR spectrum, revealed, in addition to the expected aromatic signals, four downfield signals, two corresponding to the N=CH at δH 8.25 and 8.47 ppm. The other two signals corresponding to NH at δH 11.74 and 11.82 ppm. These protons assigned to the E and Z-configuration, respectively. The latter two signals underwent facile hydrogen, deuterium exchange upon addition of deuterium oxide. Also, the 1 H-NMR spectrum exhibited two singlet signals for methylene protons of two isomer E and Z-configuration at δH 4.63 and 4.23 ppm respectively. In an attempt to synthesize pyrazole derivative 18 by a one-pot reaction of acetohydrazide derivative 3 with thiophene-2-carbaldehyde in the refluxing methanol, followed by treatment with malononitrile, however, it was unsuccessful (cf. Scheme 2).
On the other hand, treatment of acetohydrazide derivative 3 with triethyl orthoformate, in refluxing acetic anhydride afforded N'-(acetyl) acetohydrazide derivative 19. In a similar manner, upon treatment of acetohydrazide derivative 3 with chloroacetyl chloride in dimethylformamide (DMF), afforded the N'-(2-chloroacetyl)-acetohydrazide derivative 20 in good yield. The structure of 20 also confirmed by its spectral data. It should remark at this point that many publications have recently reported the broad spectrum of biological usefulness exhibited by N, N-diacylhydrazine derivatives such as anti-HIV, herbicidal and antifungal activities [15] . In contrast to the above-observed chemistry, the acetohydrazide derivative also reacted with cinnamoyl chloride in 1,4-dioxane and the presence of triethylamine afforded of E-configuration of N'-(acetyl cinnamohydrazide derivative 21. Treatment of acetohydrazide derivative 3 with phenyl isothiocyanate in refluxing ethanolic sodium hydroxide solution, afforded the [1,2,4]-triazole-3(4H)-thione derivative 22. The reaction of acetohydrazide derivative 3 with dimethyl acetylene dicarboxylate (DMAD) provided a mixture of both configuration (E/Z ) acetyl hydrazono succinate derivative (23) in a ratio of 3:1 respectively (based on the 1 H-NMR spectrum). The chemical shift of protons 23 was assigned using COSY and HSQC measurements were recorded in the Experimental Section (cf. Scheme 3). Figure 6 and Table 5 . From single crystal X-ray crystallography of dimethyl 2-[2-(-2(benzo[d]thiazol-2'-ylthio)acetyl)hydrazono] succinate (23), it is indicated that the two acetate groups are present as tail units of the molecule. Out of which, one of the acetate group is oriented in the molecular plane of the benzothiazole, while the other acetate tail is situated perpendicular to this plane. Furthermore, the distortionless enhancement by polarization transfer (DEPT) experiment was too utilized for separate the carbon signals for the compound 23. The DEPT spectrum of the aforementioned compound showed four positive signals δ126. 8 
Experimental Section

General Procedures
Melting points are reported uncorrected and determined on a Gallenkamp apparatus. The Infrared spectra recorded on a Jasco FT/IR-6300 FT-IR uses KBr disks. [3] were prepared according to the indicated literature method.
Procedures for the Synthesis of 2-(Benzothiazol-2'-ylthio)acetohydrazide Derivatives
2-(Benzo[d]thiazol-2'-ylthio)-N'-(4-oxopentan-2-ylidene)acetohydrazide (5)
A mixture of compound 3 (2.39 gm 10.0 mmol) and 2,4-pentanedione (1.0 g, 10 mmol) in ethanol (20 mL) was refluxed for 3 h. The reaction was allowed to cool to room temperature for 24 h. The solid product formed was collected by filtration and crystallized from ethanol as white crystal. C-2' ), 155.9 & 152.6 (C-2 &C-3a'), 135.1 (C-7a'), 126.4 (C-6'), 124.6 (C-5'), 121.9 (C-4'), 121. 
2-(Benzo[d]thiazol-2'-ylthio)-1-(5-hydroxy-3,5-dimethyl-4,5-dihydropyrazole-1-yl)
ethanone (6) A solution of 5 (3.21 g, 10 mmol ) in ethanol (20 mL) containing a few drops of piperidine was refluxed for 3 h. The reaction was allowed to cool to room temperature for 24 h. The solid product formed, was collected by filtration and crystallized from ethanol as yellow crystal. Yield: 2.34 g (73%); mp 123˚C -125˚C; FT-IR v max (cm 
2-[(Benzo[d]thiazol-2'-ylthio)methy]-5,7-dimethyl-[1,2,4]triazole-[1,5-a]
pyridine-8-carbonitrile (9) A mixture of 5 (3.21 g, 10.0 mmol) and malononitrile (0.66 g, 10 mmol) in ethanol (20 mL) containing a few drops of piperidine was refluxed for 4 h. The reaction was allowed to cool to room temperature. The solid product formed, was collected by filtration and crystallized from ethanol as brown crystals. Yield: 2.56 g (73%); mp 258˚C -260˚C; FT-IR v max (cm [d]thiazol-2'-ylthio)-N'-(1,3-dioxoisoindolin-2-yl) 
(E) 2-[Benzo[d]thiazol-2'-ylthio]-N'-(3-oxobutan-2-ylidine)acetohydrazide (10)
A
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(E)-2-[Benzo[d]thiazol-2'-ylthio]-N'-(2-thiophene-2-yl-methylene)acetohydrazide (17)
A mixture of 3 (2.39 g, 10.0 mmol), and thiophene-2-carbaldehyde (1.12 g, 10.0 mmol) in methanol (20 mL) was refluxed for 1 h. The reaction mixture was allowed to cool to room temperature. The product formed was collected by filtration and crystallized from ethanol as yellow crystals. Yield: 2.53 g (76%); mp 134˚C -136˚C; FT-IR v max (cm 
2-(Benzo[d]thiazol-2'-ylthio)-N'-(acetyl)acetohydrazide (19)
A mixture of 3 (2.39 g 10.0 mmol) and triethyl orthoformate (1.6 g, 10.0 mmol) in acetic anhydride (20 mL) was refluxed for 2 h. The reaction was allowed to cool to room temperature, then poured in ice cold water. The solid product formed was collected by filtration and crystallized from ethanol as white crystals. Yield: 1.9 g (71%); mp 202˚C -204˚C; FT-IR v max (cm 
2-(Benzo[d]thiazol-2'-ylthio-)-N'-(2-chloroacetyl)acetohydrazide (20)
A mixture 3 (2.39 g, 10.0 mmol) and chloroacetyl chloride (1.12 g, 10.0 mmol) in DMF (20 mL) was heated for 2 h. The mixture was allowed to cool to room temperature. C-2' ), 152.5 (C-3a'), 135.8 (C-7a'), 126.4 (C-6'), 124.6 (C-5'), 121.8 (C-4' 
Single Crystal X-Ray Diffraction Studies
Crystal structure of compounds 6 [10] , 10 [12], 13 [13] , 15 [14] and 23 [16] , as well as their packing pattern were successfully developed by single crystal X-ray diffraction analysis. The molecular structure information of all these molecules, obtained from the X-diffraction method is in perfect agreement with their predicted synthetic protocol and other characterization techniques like 1 HNMR and 13 C NMR and mass spectroscopy. Table 6 summarizes the crystal nature, unit cell descriptions and crystallographic refinement parameters of all crystal samples studied in this work.
Conclusions
We have corrected the wrong literature structures formed from reactions 2-(benzo[d]thiazol-2'-ylthio) acetohy- drazide (3) with acetyl acetone and phthalic anhydride. We have also reported that both compounds 3 and 5 were utilized as a key intermediate for the synthesis of a novel heterocyclic compounds. We also reported the synthesis of a novel series of condensation and substituted derivatives of 2-(benzo[d]thiazol-2'-ylthio) acetohydrazide in good yield. The structures of the newly synthesized compounds were confirmed by elemental analysis, 1 H-NMR, 13 C-NMR spectra, Ms, and X-ray crystallographic investigations.
